investigated, there is no data regarding AS in the hitherto literature. Moreover, the aforementioned predictors of difficult intubation are mainly focusing on the temporomandibular joint and cervical spine motion, which have an indispensable relation with disease activity and spinal mobility indices. Accordingly, in this article, we aimed to determine predictors of difficult intubation and their correlations with disease activity and spinal mobility indices in patients with AS for the first time in the literature.
PATIENTS AND METHODS
We designed a cross-sectional observational study including 45 patients (36 males, 9 females; mean age 42.71±10.89 years; range 23 to 70 years) with established AS according to the modified New York criteria. 6 Ethical approval for this study was provided by the Ethical Committee of Mustafa Kemal University Medical School. The study was carried out by the Departments of Physical Medicine and Rehabilitation and Anesthesiology. Informed consent forms were obtained from the patients.
Disease activity by the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) 7 and spinal mobility by the Bath Ankylosing Spondylitis Metrology Index (BASMI) 8 were measured by the same experienced physical medicine and rehabilitation specialist. The BASDAI includes six patient-reported items of back pain, fatigue, peripheral joint pain and swelling, localized tenderness, and the duration and severity of morning stiffness. It ranges from 0 (no activity) to 10 (maximal activity). A BASDAI score ≥4 represents moderate to high disease activity.
The BASMI is a composite score based on five direct measurements of spinal mobility: lateral lumbar flexion, tragus-to-wall distance, lumbar flexion, intermalleolar distance, and cervical rotation angle. It ranges from 0 (no impairment) to 10 (maximal impairment). BASMI <3.2 represent low and scores ≥3.2 represent moderate to severe spinal mobility involvement. 8 In predicting a difficult intubation, the same experienced anesthesiologist measured the MMT, TMD, SMD, IID, NE and the upper lip bite test (ULBT). NE was measured in patients in the supine position, with the others sitting in the upright IID <4 cm 5, 14 and NE <85°1 5, 16 were considered as predictors of difficult intubation based on previous literatures.
Statistical analysis
Statistical analysis was performed using the SPSS (SPSS Inc., Chicago, IL, USA) for Windows version 13.0 software. The Kruskal-Wallis, Friedman and Chi-square tests were used for comparison of parameters. Correlation analysis was evaluated by the Spearman correlation analysis. A p value of <0.05 was considered statistically significant.
RESULTS
The mean disease duration was 13.17±9.49 years. The mean BASDAI score was 2.58±1.75, and the BASMI score was 2.73±2.42. Eight patients (18%) had moderate to high disease activity, while sixteen patients (36%) had medium to severe BASMI scores. Table 1 shows the descriptive characteristics of the predictors, and the frequencies of the patients with predictors. Fifty-six percent of patients had NE, 29% of patients had IID, 16% of patients had MMT, while 13% of patients had SMD. None of the patients had ULBT or TMD.
There was no correlation between the BASDAI score and any of the predictive test values (all p>0.05). There were significant correlations between BASMI and MMT, SMD, NE, and IID (all p<0.05; r= 0.660, r= -0.479, r= -0.762, r= -0.436, respectively). There was no correlation between BASMI with ULBT and TMD (both p>0.05).
The BASMI and BASDAI scores of the patients according to the predictors are shown on Table 2 . The BASMI scores of patients with two or more predictors were significantly higher than BASMI scores of patients with none or one predictor (5.28±2.12 vs. 1.58±1.50; p<0.001).
Among the patients with moderate to severe BASMI, the number of patients with two or more predictors was higher than that of patients with none or one predictor (26.6% vs. 8.8%, p=0.001) (Figure 1) .
DISCUSSION
This study describes predictors of difficult intubation and their correlation with disease activity/mobility indices in patients with AS. The findings revealed that NE, IID, SMD and MMT were significant predictors of difficult intubation in the patients. Additionally, these predictors were found to be correlated with the spinal mobility index and not with the disease activity index. On the other hand, the number of patients with two or more predictors was higher than that of patients with none or one predictor in patients with moderate to severe spinal mobility impairment.
Patients with AS may present tremendous challenges to the anesthesiologists due to fusion of the cervical and thoracal spine, and stiffness of the temporomandibular joint. 16 Reduced cervical and thoracolumbar spine mobility, and temporomandibular joint disease are common in the patients with long lasting AS. [17] [18] [19] About 50% of patients with AS have cervical spine radiological involvement after 15 years, and 70% after 20 years. 20 Temporomandibular joint involvement occurs in 10% of patients, whereas it may increase up to 30-40% when the disease is long standing. 21 Patients in this study had 13 years of disease duration (long-lasting disease). About half of the patients had reduced NE, while one-third of the patients had reduced temporomandibular joint motion. These findings are comparable with those mentioned in publications which assessed radiological involvement.
There was no correlation between disease activity and predictors of difficult intubation. This may be due to the nature of BASDAI, the most frequently used measure of disease activity in clinical trials, which demonstrates the current inflammatory status of the disease alone, and not long-term structural damage as in spinal mobility index. 7 Ça¤la Özbakı Akkurt et al. 22 reported no correlation between disease activity and any predictors of difficult intubation in patients with rheumatoid arthritis.
Measurement of spinal mobility based on lateral lumbar flexion, tragus-to-wall distance, lumbar flexion, intermalleolar distance and cervical rotation angle is a key clinical assessment of AS to monitor disease progression. 23 MMT, SMD, NE and IID are commonly used predictors in clinical practice. MMT classifies visibility of the oropharyngeal structure.
9,24 MMT assesses not only oropharyngeal structure, but also head and neck mobility and mouth opening. SMD can be used as an indicator of head and neck mobility. IID measures the movement of the temporomandibular joint. In this study, there were unsurprisingly strong significant correlations between BASMI with NE, IID, MMT and SMD. BASMI may be used as an indicator for difficult intubation in clinical practice unlike BASDAI.
Furthermore, a test to predict difficult intubation should have high sensitivity to identify most patients in whom intubation will truly be difficult. 25 Currently available screening tests for difficult intubation have only poor to moderate sensitivity when used alone. However, combinations of individual tests add some incremental diagnostic value in comparison to the value of each test alone. 5, 6 In this study, among patients with moderate to severe BASMI, the number of patients with two or more predictors was significantly higher than that of patients with none or one predictor. Clinicians should be careful when evaluating difficult intubation in patients with moderate to severe BASMI.
The other likely problem in patients with AS during intubation is that AS patients are susceptible to vertebral fractures even from minor trauma, because of the rigid/deformed vertebra and accompanying osteoporosis. 26 AS patients with hip joint involvement can present tremendous challenges to the gynecologists with the patients in the lithotomy position due to fusion of the hip joints. 27 On the other hand, the present study has some limitations; primarily the small patient group with male predominance, and the lack of patients undergoing surgery; thus the relation between clinical indices and actual difficult intubation were not be able to be considered. Nevertheless, the results appear to be significant. In conclusion; NE, IID, SMD and MMT are significant predictors of difficult intubation in patients with AS. These predictors were found to be correlated with involvement of spinal mobility, but not with disease activity. This clinical data may draw the attention of clinicians about unanticipated difficult intubation in patients with AS patients who have moderate to severe impairment of spinal mobility. Future larger studies, which included the patients undergoing surgery, are needed to clarify the significance of this finding. 
